Uncertainty and its composition can affect the demand for social insurance, and thereby the labor market. This paper shows that small to medium-sized increases in uncertainty or risk aversion are enough to recommend an expansion of the safety net that would be broadly similar to the actual safety net expansions, which significantly depressed the labor market. Labor market effects of uncertainty through investment and insurance channels are also examined with employer and employee labor wedges. * I appreciate comments from Gianluca Violante and seminar participants at the University of Chicago, and the financial support of the George J. Stigler Center for the Study of the Economy and the State.
Various measures of uncertainty have emerged (Baker, Bloom and Davis 2011) , as have explanations of why labor market activity might be sensitive to the amount of uncertainty . Even without drawing a distinction between fear and uncertainty, the explanations are incomplete because they tend to be investment intensive, and do not address the fact that wages and the quantity of labor moved in opposite directions over the past couple of business cycles.
1 On the first point, a familiar story is that uncertainty makes firms unwilling to invest, or their creditors willing to lend the funds to invest, and that the makers of investment goods find themselves without work. Yet real investment per capita in, say, 2011 was $2,000
(2005 prices) less than it was in 2007, before the recession began. $2,000 per capita is only 1 More specifically, models such as Bloom, et al. (2011, see especially their equation 12) fail to generate the empirically observed "labor wedge" -a recession in which consumption and labor both fall while real wages do not. The body of this paper further discusses the labor wedge. More work is also needed to examine whether uncertainty increases investment, and labor more directly, through precautionary savings motives (Carroll 1997) .
about 4 percent of GDP, and a 4 percent reduction in aggregate labor demand is expected to reduce the aggregate quantity of labor by about one percent. 2 But in fact the employmentpopulation ratio was a full 7 percent less in 2011 than it was in 2007. In other words, even if we assume that the entire investment drop was a consequence of fear or uncertainty, the vast majority of the decline in the quantity of labor remains unexplained unless fear and uncertainty affect the labor market through another mechanism.
At the same time that fear and uncertainty spiked and the labor market contracted, various subsidy programs for the poor and unemployed expanded their eligibility rules and implemented more generous benefit formulas. Using the principal-agent model of the "equityefficiency tradeoff", this paper suggests that the demand for social insurance is an important, if not the primary, link between uncertainty and the quantity of labor. Before the recession, uncertainty and fear were relatively low, and society had settled on a balance between the amount of redistribution or social insurance and the amount of labor market inefficiency in the forms of a distorted size and composition of the workforce. This pre-recession balance was a function of both the technological tradeoff between equity and efficiency, the degree of risk aversion, and political factors. With the greater amounts of uncertainty and fear that prevailed after 2007, the technological tradeoff was different and/or risk aversion was greater, and society changed the balance between equity and efficiency in the rational direction of less labor market efficiency.
The size of this effect depends on the magnitude of the changes in social insurance program rules, which I have quantified elsewhere in terms of implicit marginal labor income tax rate changes (Mulligan 2012) . Statutory marginal labor income tax rates facing the typical household head or spouse at the middle of the skill distribution increased about eight percentage points, and thereby reduced the after-tax return to working by almost fifteen percent, in less than two years. Marginal tax rate changes of this magnitude can easily reduce the quantity of labor by several percentage points.
A Model of the Equity-Efficiency Tradeoff
In the principal-agent model of the labor market, workers devote time and effort n to production. This includes time spent at work, time spent searching for new work, and effort devoted to enhancing and maintaining the productivity of those uses of time. The value produced by that effort is y = n +  + , where  and  are the result of mean zero idiosyncratic random factors beyond the worker's control. For simplicity, the random factors act additively on the worker's effort, rather than multiplicatively as in Mirrlees (1971) . My additive model is just a small adaptation of a special case of Holmstrom and Milgrom (1987) that has been applied to executive salaries by Rosen (1982) , Garen (1994) , and others.
Some of the random factors, embodied in , are widely observable. The others, embodied in , are not observed, except by the worker himself who can infer their combined value by subtracting his effort and  from the value produced. I normalize  so that it is uncorrelated with , and assume that the worker is risk-averse (more on this below). As a result, the worker optimally pools the result  of observed idiosyncratic random factors in a full-information insurance market: when  is observed he pays it to the insurance group, or receives - from the group in case its value is negative. In theory the insurance group is infinitely large and free from administrative costs so that total insurance premiums (from the group members with positive s) exactly finance total insurance awards (paid to group members with negative s). In practice, the insurance group may be co-workers, family members, church members, etc.
Even with insurance against the observed random factors, the remaining value produced n +  is still random. The purpose of this paper is to examine possible ways of insuring the idiosyncratic  risk, and deriving the effects of the amount and composition of uncertainty on the efficient amount of that insurance.
Suppose that a worker additionally enters into an imperfect information social insurance arrangement in which she pays a fixed fraction of her earnings n +  (net of payments with respect to full-information  insurance) and receives an insurance benefit that is a linear function of net income. Her disposable income c is therefore a linear function of earnings, the intercept of which I denote as b and the slope I denote as :
The social insurance system has a budget constraint that relates benefits it pays to people having zero income to payments it receives from people having positive income:
where is the average effort by members of the insurance system.   0 is an administrative or stigma cost reflecting the possibility that social insurance benefits might be worth less than they cost. The average idiosyncratic risk  is zero but I explain below how the cross-section distribution might be related to aggregate "shocks." (
where G is the distribution of random factors  (continuous, with all finite moments), and the constant  > 0 is the wage elasticity of labor supply. The constant  > 0 is a preference parameter, so that the marginal rate of substitution between labor n and disposable income c has no wealth effects on labor. As a result, any worker facing this social insurance program will desire labor in the amount n = (/)
The desired labor increases with  because  is the reward the worker receives for exerting effort; the remaining fraction (1-) of results of effort goes to the social insurance system.
I assume that actual labor coincides with desired labor, which means that the social insurance system has no influence on the worker's labor decision aside from the parameters  and b of the safety net benefit formula. As a result, average labor is also equal to (/)  , which is generally different from the socially efficient labor n * = (1/)  that equates the marginal rate of substitution to the social product of effort.
Because workers choose their effort before knowing the final outcome , the only source of randomness in (3) is the  term. A smaller value for  therefore means a lesser amount of risk faced by the worker, and more equal disposable income for workers who end up with different values of , but it also means less effort and thereby less aggregate income. This is known as the "equity-efficiency tradeoff," or less often as a "safety-efficiency tradeoff." n The equity-efficiency tradeoff can be analyzed quantitatively by considering a measure of equity or safety S that is negatively related to the standard deviation of disposable income S = (1 
Possible Changes in the Equity-Efficiency Tradeoff, and the Optimal Degree of Social Insurance
3 Both safety and efficiency measures vary between zero and 1. Safety is zero and efficiency is 1 when the selfreliance rate is 1 (no sharing of the imperfect information risks). Safety is 1 and efficiency is zero when all of the risks are shared.
n n Both safety and labor efficiency are desirable, and overall efficiency strikes a balance between the two. The optimal amount of social insurance can be described as the value of -a point on the equity-efficiency tradeoff shown in Figure 1 -that maximizes worker expected utility.
It is straightforward to prove that the optimal amount of social insurance depends on the amount of risk the worker faces, as embodied in the distribution function G.
Proposition 1
The optimal amount of social insurance (1-) increases with the standard deviation s  of the random factor , holding constant higher-order moments of the distribution G.
Proof Because u is smooth, I prove the proposition by using its Taylor expansion (in the neighborhood of  = 0) in the worker expected utility expression:
where u (k) denotes the kth derivative of u evaluated at  = 0 and G k denotes the kth moment of G.
The first derivative of expected utility with respect to  has one term involving the second moment of G, and it is linear with a negative coefficient because u is concave. Thus the optimal  falls, and the optimal (1-) increases, with the second moment.
There are a couple of reasons to think that standard deviation s  of the random factor  was greater after 2008 than it was before. One is that capital market and other aggregate events made it more difficult for market participants to distinguish bad outcomes that should be blamed on low effort from bad outcomes that were just unlucky. In this view, an aggregate shock does
 not necessarily change the total amount of idiosyncratic risk -the variation of labor productivity y around labor time and effort supplied -but rather changes its composition between the unobserved category  than the observed category . When the change is in the direction of more unobserved idiosyncratic risk, workers replace part of the full-information insurance lost by adding to their imperfect-information insurance, despite the latter's cost in terms of labor inefficiency. Figure 2 A related argument is that the variance of  increased without any reduction in the variance of . Still, workers desire to have more imperfect-information insurance, despite its cost in terms of labor inefficiency. Either way, less labor is the result of the safety net expansion in the sense that the safety net could have been kept constant, in which case labor would have remained constant. But the safety net expansions were themselves a response to another shockincreased uncertainty-and keeping the safety net constant might not have been the best response to that additional uncertainty. The recession, which is by definition a drop in aggregate labor market activity, may have been preventable by keeping the safety net constant, but the cost of preventing it would have been too high in terms of the risks that workers would have borne 4 A related argument is that the equity-efficiency tradeoff is fixed, but the optimal balance of equity and efficiency has changed since 2007 because people became more risk-averse, at least temporarily. See Holmstrom and Milgrom (1987, 323) for a risk-aversion comparative static. without government help. In this sense, one might say the ultimate cause of the recession was the change in the equity-efficiency tradeoff mediated through an expanded safety net.
A smaller value for the stigma parameter  induces an optimal movement along Figure   1 's equity-efficiency frontier in the direction of more social insurance. A greater degree of risk aversion has a similar effect.
Quantitative Estimates of Risk and Marginal Tax Rate

Changes since 2007
Economists have noted that uncertainty has increased a lot since 2007, and they have offered measures of the amount of added uncertainty . increase in the preference for, or a decrease in the preference against, safety net payments. In my model, a reduction in the welfare stigma cost  is another way that the optimal amount of social insurance could increase, and labor efficiency decrease. Holmstrom and Milgrom (1987, 323) give an example, consistent with the model above, with constant absolute risk aversion in which the optimal self-reliance rate ( in my notation,  in theirs) has a closed form solution as a function of the standard deviation of the income risk being insured (s  in my notation), the coefficient of absolute risk aversion r, and a parameter governing the disutility of effort. Holding the effort-disutility parameter constant, the comparative statics for their model's optimal self-reliance rate are (my notation):
wage or earnings inequality is an indicator of idiosyncratic risk, it suggests that idiosyncratic risk may have increased significantly since 2007.
Appendix I contains the derivation of equation (6). Assuming for the moment that the optimal self-reliance rate were also about 0.44, then the comparative static elasticities in equation (6) are about -0.88 and -0.44, respectively. Thus, an increase in the log of that standard deviation of about 0.17 would justify a reduction in the log self-reliance rate of 0.15. The same self-reliance rate reduction could also be justified by a 0.34 increase in the log of the coefficient of absolute risk aversion, or some combination of added variance and added risk aversion. Moreover, microeconomic wage data suggest that wage variability was high during the recession, with a log standard deviation change of about 0.07 (see Appendix II). Thus, the Holmstrom and Milgrom (1987) approach does not require especially large increases in uncertainty or risk aversion in order to recommend an expansion of the safety net that would be broadly similar to the actual safety net expansions.
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Regardless of whether it was optimal to reduce the log self-reliance rate by 0.15, it happened and that reduction is expected to significantly depress the labor market. Mulligan 
Wages and Wedges in the Labor Market
Labor wedges are another way to categorize various effects of uncertainty and other factors on labor market outcomes, and thereby distinguish some of the channels by which uncertainty might be depressing the labor market. When employers perceive a new cost of employment in addition to employee compensation, or decide to increase their markup over marginal cost, labor productivity grows more than compensation per hour. Equivalently, compensation per hour grows less than labor productivity, because employers hire up to the point that their marginal revenue product of labor equals the total cost of hiring additional labor. A per-employee fine, such as the fines levied by the Affordable Care Act, are examples of new employment costs in addition to employee compensation. In theory, these taxes create a productivity-wage wedge of the same percentage as the tax itself. Anticipated severance costs, and other costs of downsizing, create the same sort of wedge between contemporaneous wages and productivity, and this wedge would grow as uncertainty increased the probability of downsizing events.
When employees perceive a new cost of employment, such as a new payroll tax on employees, added child-care costs, or new subsidies for the unemployed, the households' marginal rate of substitution (MRS, sometimes described as the reservation wage of the marginal worker) falls more, or rises less, than wages do. 8 As explained above, added uncertainty may motivate more safety net program benefits, which add to this wedge with a percentage equal to the percentage reduction in the post-fisc share of wages accruing to employees as a consequence of their work decision. Together the growth in the employer and employee wedges cause labor productivity to grow more, and fall less, than the MRS.
ln(labor productivity) ln(employer wedge) ln(real wage) ln(real wage) ln(employee wedge) ln
Note that both wedges have log changes that are in the same units, which are essentially units of a tax rate. For example, to a first order approximation a two percent payroll tax would increase the log employer wedge by 0.02 if levied on employer (and not counted in employee compensation for the purposes of measuring the real wage) and increase the log employee wedge by 0.02 if levied on employee. , where c is aggregate real consumption, n is aggregate hours worked, P is the total population, and A is the adult population. The constant  is usually interpreted as the Frisch elasticity of aggregate labor supply with respect to after-tax real wages, and is taken to be one for the purposes of constructing Figure 5 's employee wedge. The employee wedge is similar with  equal to say, 0.75, but would increase significantly more if  were taken to be less than 0.5. 10 A growing employer wedge could also reflect increases in the amount of social insurance via employer-related instruments, such as the employer fines used in the new Affordable Care Act to finance part of its health insurance subsidies.
which is one of the reasons why it is worth considering the idea that uncertainty affects the labor market through labor supply at least as much as it works through labor demand.
Conclusions
Safety net programs face a well-known equity-efficiency tradeoff: providing more resources for the poor can raise their living standards, but it also gives them less incentive to raise their own living standards. Most societies somehow balance the tradeoff by permitting outcomes to vary across people-less-than-perfect equity-yet still having some amount of redistribution.
The recent housing crash, financial crisis, or even political events may have altered the nature of this tradeoff or altered society's willingness to tolerate labor market inefficiency in order to have more equity. The tradeoff would be altered by a deterioration of information about labor market outcomes that would normally help distinguish luck from the consequences of worker effort. It could also be altered by an increase in non-diversifiable risk. An increase in risk aversion, or a reduction in welfare stigma, induces an optimal movement along that tradeoff in the direction of more social insurance. Under any of these scenarios, it would be no surprise that the social safety net expanded and labor market activity fell as much as they did, and uncertainty in one way or another would be the ultimate cause.
A previous literature has emphasized effects of uncertainty on the labor market through labor demand, in the sense that an employer's desired hiring depends not only on what employees will be paid in the short term but also on the degree of uncertainty about their future pay or other future costs of doing business. To the degree that wages adjust over time to reflect supply and demand, more uncertainty should in this view cause real wages to grow less than productivity, which did not happen in the two or three years prior to mid-2009, but did happen after that. The growth of the employer wedge after mid-2009 amounted to about a 3-5 percent increase in the marginal payroll tax rate on employers, and is large by historical standards.
However, much of what happened in the labor market happened on the employee side.
The marginal tax rate on employees, most of it implicit in safety net program spending rules, increased three or four times more than the employer wedge did. To the degree that fear and uncertainty about the economy motivated the new safety net program rules, they affected the labor market more through labor supply than they did through labor demand. This paper examines the demand for social insurance in the context of an optimal social insurance model. I do not interpret the model results as proving that the actual safety net expansions of recent years were optimal. Indeed, the actual expansions had significant flaws, such as subjecting parts of the population to 100 percent tax rates (Mulligan 2013) , subjecting households to additional policy randomness (Baker, Bloom and Davis 2011) , and allowing households to participate in multiple uncoordinated insurance schemes (Mulligan 2012) . Nevertheless, the model shows why we should not expect the social safety net to remain constant, and thereby not expect the labor market to remain constant, while households deal with added uncertainty. 
